Modeling and predicting changes in cognitive performance of workers exposed to harmful physical agents (noise & heat) using data mining algorithms, (Neural Network, Naïve Bayes): A field study in a petrochemical industry by Rastegar, Zahra
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    ﭘﺰﺷﮑﻲﻋﻠﻮمداﻧﺸﮕﺎه
   و ﺧﺪﻣﺎت ﺑﻬﺪاﺷﺘﯽ درﻣﺎﻧﯽ ﮐﺮﻣﺎن
  
  داﻧﺸﮑﺪه ﺑﻬﺪاﺷﺖ
 
  ایﻧﺎﻣﻪ ﮐﺎرﺷﻨﺎﺳﯽ ارﺷﺪ در رﺷﺘﻪ ﻣﻬﻨﺪﺳﯽ ﺑﻬﺪاﺷﺖ ﺣﺮﻓﻪﭘﺎﯾﺎن
 
  ﭼﮑﯿﺪه ﻓﺎرﺳﯽ: 
در ﺑﻌﻀﯽ ﻣﺸﺎﻏﻞ ﺑﻪ ﻣﻨﻈﻮر ﻋﮑﺲ اﻟﻌﻤـﻞ ﻣﻨﺎﺳـﺐ و ﺑـﻪ ﻣﻮﻗـﻊ، ﻓـﺮد ﻧﯿﺎزﻣﻨـﺪ ﭘـﺮدازش  :ﻣﻘﺪﻣﻪ و اهﺪاف        
ﺑﻨﺎﺑﺮاﯾﻦ اﻓـﺖ ﮐـﺎراﯾﯽ ﺷـﻨﺎﺧﺘﯽ ﻣـﯽ ﺗﻮاﻧـﺪ ﺑﺎﻋـﺚ ﭘﯿﺎﻣـﺪهﺎی ﺟـﺪی   ﻪ ﻃﻮر ﮐﺎﻣﻞ و ﺑﺪون ﻧﻘﺼﺎن ﻣﯽ ﺑﺎﺷﺪاﻃﻼﻋﺎت ﺑ
 ﻣـﺪلهـﺪف ﺑﻪ ﭘﺎﺳﺦ هﺎی دﻗﯿﻖ و ﻓﻮری اﺳﺖ ﺷﻮد، ﺑﻨـﺎﺑﺮاﯾﻦ اﯾـﻦ ﻣﻄﺎﻟﻌـﻪ ﺑـﺎ ﺑﺮای اﻧﺴﺎن ﺑﻪ وﯾﮋه در ﻣﻮاﻗﻌﯽ ﮐﻪ ﻧﯿﺎز 
 ﺑـﺎ ﺑﺎ ﻋﻮاﻣﻞ ﻓﯿﺰﯾﮑﯽ زﯾـﺎن آور )ﺻـﺪا و ﮔﺮﻣـﺎ(، در اﺛﺮ ﻣﻮاﺟﻬﻪ ﮐﺎرﮔﺮان ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ  ﺗﻐﯿﯿﺮات ﺳﺎزی و ﭘﯿﺶ ﺑﯿﻨﯽ
: ﻣﻄﺎﻟﻌﻪ ﻣﯿﺪاﻧﯽ در ﯾﮏ ﺻﻨﻌﺖ ﭘﺘﺮوﺷﯿﻤﯽ اﻧﺠﺎم داده ﮐﺎوی )ﺷﺒﮑﻪ ﻋﺼﺒﯽ، ﺑﯿﺰﯾﻦ ﺳﺎده( هﺎی اﻟﮕﻮرﯾﺘﻢ از اﺳﺘﻔﺎده
  ﺷﺪ.
ﺻـﻨﻌﺖ ﭘﺘﺮوﺷـﯿﻤﯽ  در٨٩٣١  و ٧٩٣١در ﺳﺎل اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﻣﻘﻄﻌﯽ ﺗﻮﺻﯿﻔﯽ _ ﺗﺤﻠﯿﻠﯽ  :ﻣﻮاد و روش هﺎ       
ﻣﺮﺣﻠﻪ ﮐﻠﯽ اﻧﺠﺎم ﺷـﺪ ﮐـﻪ ﺑـﻪ ﺗﺮﺗﯿـﺐ ١١ﻣﻄﺎﻟﻌﻪ در اﺟﺮا ﮔﺮدﯾﺪ. ﻣﻨﻄﻘﻪ وﯾﮋه اﻗﺘﺼﺎدی ﭘﺎرس ﺟﻨﻮﺑﯽ  ﮐﺎوﯾﺎن واﻗﻊ در
اﻧﺘﺨﺎب ﻣﺘﻐﯿﺮهﺎ )ﭘﯿﺶ ﺑﯿﻦ( ﺟﻬﺖ ﻣـﺪل ﺳـﺎزی  -٢ﺑﺮرﺳﯽ اﻃﻼﻋﺎت دﻣﻮﮔﺮاﻓﯿﮏ اﻓﺮاد ﺗﺤﺖ ﻣﻄﺎﻟﻌﻪ  -١ﻋﺒﺎرﺗﻨﺪ از: 
 ﺗﻌﯿـﯿﻦ ﺑﺎرﮐـﺎری ذهﻨـﯽ-۵  TGBWاﻧﺪازه ﮔﯿﺮی ﺷـﺎﺧﺺ  -۴ﻣﻌﺎدل  ﺻﺪای ﺗﺮاز  اﻧﺪازه ﮔﯿﺮی-٣ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ 
 -٩ﭘـﯿﺶ ﭘـﺮدازش داده هـﺎ  -٨ kcab-nاﻧﺠﺎم آزﻣﻮن ﻋﻤﻠﮑـﺮد ﺷـﻨﺎﺧﺘﯽ -٧ TPCاﻧﺠﺎم آزﻣﻮن ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ -۶
ﺗﻌﯿﯿﻦ ﻧـﺮخ ﺻـﺤﺖ  -٠١ﺑﯿﺰﯾﻦ ﺳﺎده (  و ﻣﺪل ﺳﺎزی ﺗﻐﯿﯿﺮات ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ ﺑﺮ اﺳﺎس هﺮ دو روش)ﺷﺒﮑﻪ ﻋﺼﺒﯽ
ای ﺷـﯿﻔﺖ، وﺳـﻂ و اﻧﺘﻬـﺎی ﺷـﯿﻔﺖ ﺗﻔﺴﯿﺮ داده هﺎ، در اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ ﮐﺎرﮔﺮان در اﺑﺘـﺪ -١١هﺮ ﻣﺪل 
 kcab-nو   TPCﺗﻮﺳﻂ ﻧﺮم اﻓﺰارهـﺎی  زﻣﺎن ﻣﺨﺘﻠﻒ ﺗﻐﯿﯿﺮات ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ  ٣ﻣﻮرد ارزﯾﺎﺑﯽ ﻗﺮار ﮔﺮﻓﺖ و ﺑﺮای هﺮ 
   .ﮔﺮدﯾﺪﺗﻮﺳﻂ اﻟﮕﻮرﯾﺘﻢ هﺎی داده ﮐﺎوی ﺷﺒﮑﻪ ﻋﺼﺒﯽ و ﺑﯿﺰﯾﻦ ﺳﺎده ﻣﺪل ﺳﺎزی اﻧﺪازه ﮔﯿﺮی ﺷﺪ و 
ﺳﻪ ﮔـﺮوه از ﮐـﺎرﮔﺮان در  ﺧﻄﺎی ﺣﺬف  و زﻣﺎن ﭘﺎﺳﺨﮕﻮﯾﯽﻧﺸﺎن داد ﮐﻪ  ﺣﺎﺻﻞ از اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺘﺎﯾﺞ: ﯾﺎﻓﺘﻪ هﺎ
و ﻣﯿـﺎﻧﮕﯿﻦ ﭘﺎﺳـﺦ ﺻـﺤﯿﺢ  ﺳـﻪ ﮔـﺮوه از  )50.0<P( هﺴـﺘﻨﺪ آﻣﺎری ﺑﺎ هﻤﺪﯾﮕﺮ دارای اﺧﺘﻼف ﻣﻌﻨﺎدار اﻧﺘﻬﺎی ﺷﯿﻔﺖ
 ﻣﯿـﺎﻧﮕﯿﻦدر ﺑﺮرﺳـﯽ ﺗـﺄﺛﯿﺮ  .(50.0<P) ﺑﻪ ﻃﻮر ﻣﻌﻨﺎداری ﮐﺎهﺶ ﭘﯿﺪا ﻣﯽ ﮐﻨﺪاز ﻧﻈﺮ آﻣﺎری  ﻔﺖ ﮐﺎرﮔﺮان در ﻃﻮل ﺷﯿ
در اﺑﺘﺪا، وﺳﻂ و اﻧﺘﻬﺎی  ﻣﯿﺎﻧﮕﯿﻦ ﺗﺮاز ﺻﺪای ﻣﻌﺎدلﺑﺮ ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ ﮐﺎرﮔﺮان ﻣﺸﺎهﺪه ﺷﺪ ﮐﻪ  ﺗﺮاز ﺻﺪای ﻣﻌﺎدل
و هﻤﭽﻨﯿﻦ در ﺑﺮرﺳـﯽ ﺗـﺄﺛﯿﺮ  (50.0<P) ﺗﺄﺛﯿﺮ ﻣﯽ ﮔﺬارداﻓﺮاد ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﺷﯿﻔﺖ ﺑﺮ زﻣﺎن ﭘﺎﺳﺨﮕﻮﯾﯽ و زﻣﺎن واﮐﻨﺶ 
زﻣـﺎن ﺧﻄـﺎی ارﺗﮑـﺎﺑﯽ و در اﺑﺘـﺪا، وﺳـﻂ و اﻧﺘﻬـﺎی ﺷـﯿﻔﺖ ﺑـﺮ  ﮔﺮﻣﺎ ﺑﺮ ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ اﻓﺮاد ﻣﺸﺨﺺ ﺷﺪ ﮐﻪ ﮔﺮﻣـﺎ
و ﺑـﺮ   (50.0<P) ﻣـﯽ ﮔـﺬاردﻣﻌﻨـﯽ داری ﺗـﺄﺛﯿﺮ  از ﻧﻈﺮ آﻣﺎری اﻓﺮاد ﻣﻮرد ﻣﻄﺎﻟﻌﻪ ﻣﯿﺎﻧﮕﯿﻦ ﭘﺎﺳﺦ ﺻﺤﯿﺢﭘﺎﺳﺨﮕﻮﯾﯽ و 
 AWTTGBW%(، ﺷـﺎﺧﺺ  ۵٢≥) ﺗـﺮاز ﺻـﺪای ﻣﻌـﺎدل ﻣﯿـﺎﻧﮕﯿﻦ ﻣﺪل ﺳﺎزی ﺑﺎ اﻟﮕﻮرﯾﺘﻢ ﺷﺒﮑﻪ ﻋﺼﺒﯽ، اﺳﺎس ﻧﺘﺎﯾﺞ
%( ﺑﯿﺸـﺘﺮﯾﻦ ﺗـﺄﺛﯿﺮ را ﺑـﺮ ﻋﻤﻠﮑـﺮد ﺷـﻨﺎﺧﺘﯽ ﻣﻄـﺎﺑﻖ ﺑـﺎ آزﻣـﻮن  ۵٢%( و ﺷـﺎﺧﺺ ﺗـﻮده ﺑـﺪﻧﯽ) ٢٣) ﺳﻦ %(، ۶٢≥)
 (،%٢٣ ≥)AWTTGBW  ﺷـﺎﺧﺺ  (،kcab-n( داﺷﺘﻨﺪ اﻣﺎ در آزﻣﻮن ﻋﻤﻠﮑـﺮد ﺣﺎﻓﻈـﻪ ﮐـﺎری)TPC) ﻋﻤﻠﮑﺮد ﭘﯿﻮﺳﺘﻪ
%( ﺑﯿﺸﺘﺮﯾﻦ ﺗﺄﺛﯿﺮ را ﺑﺮ ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ داﺷﺘﻨﺪ و  ﻣﯿﺎﻧﮕﯿﻦ ﺻـﺤﺖ  ۴٢) %( و ﺳﺎﺑﻘﻪ ﮐﺎر ۶٢≥) ﺷﺎﺧﺺ ﺗﻮده ﺑﺪﻧﯽ
ﻣﻄﺎﺑﻖ ﺑـﺎ ﻣـﺪل ﺳـﺎزی ﺑـﺎ اﻟﮕـﻮرﯾﺘﻢ ﺑﯿـﺰﯾﻦ و  ﻣﺤﺎﺳﺒﻪ ﺷﺪ %  ٢٩/٢۵ﻣﺪل هﺎ ﺑﺎ اﺳﺘﻔﺎده از اﻟﮕﻮرﯾﺘﻢ ﺷﺒﮑﻪ ﻋﺼﺒﯽ  
 ٨٢≥) %(، ﺳـﺎﺑﻘﻪ ﮐـﺎر ٩٢≥) AWTTGBW%(، ﺷـﺎﺧﺺ  ٠٣(، ﻣﺘﺎﺑﻮﻟﯿﺴـﻢ )TPC) ﺳﺎده، در آزﻣﻮن ﻋﻤﻠﮑﺮد ﭘﯿﻮﺳـﺘﻪ
%( ﺑـﻪ ﺗﺮﺗﯿـﺐ ﺑﯿﺸـﺘﺮﯾﻦ ﺗـﺄﺛﯿﺮ را ﺑـﺮ ﻋﻤﻠﮑـﺮد ﺷـﻨﺎﺧﺘﯽ داﺷـﺘﻨﺪ و در  ۶٢≥) %(، ﺷﺎﺧﺺ ﺗﻮده ﺑﺪﻧﯽ ٧٢≥) ﺳﻦ%(، 
ﺗﺮاز  ﻣﯿﺎﻧﮕﯿﻦ %( و ٨٣≥)AWTTGBW%(، ﺷﺎﺧﺺ  ۶۴(، ﺷﺎﺧﺺ ﺗﻮده ﺑﺪﻧﯽ)kcab-nآزﻣﻮن ﻋﻤﻠﮑﺮد ﺣﺎﻓﻈﻪ ﮐﺎری)
هـﺎ ﺑـﺎ اﺳـﺘﻔﺎده از ( ﺑﯿﺸﺘﺮﯾﻦ ﺗﺄﺛﯿﺮ را ﺑـﺮ ﻋﻤﻠﮑـﺮد ﺷـﻨﺎﺧﺘﯽ داﺷـﺘﻨﺪ و ﻣﯿـﺎﻧﮕﯿﻦ ﺻـﺤﺖ ﻣـﺪل %١٣≥ﺻﺪای ﻣﻌﺎدل)
  % ﺑﻪ دﺳﺖ آﻣﺪ. ٠٩/٨٨اﻟﮕﻮرﯾﺘﻢ ﺑﯿﺰﯾﻦ ﺳﺎده  
ﺪ ﺑﺎﻋـﺚ ﻨـﻣـﯽ ﺗﻮاﻧ و ﮔﺮﻣﺎ ﻣﯿﺎﻧﮕﯿﻦ ﺗﺮاز ﺻﺪای ﻣﻌﺎدلﯾﺎﻓﺘﻪ هﺎی اﯾﻦ ﻣﻄﺎﻟﻌﻪ ﻧﺸﺎن ﻣﯽ دهﺪ ﮐﻪ : ﻧﺘﯿﺠﻪ ﮔﯿﺮی
و ﺑﻪ ﻃﻮر ﮐﻠـﯽ ﻋﻤﻠﮑـﺮد ﺷـﻨﺎﺧﺘﯽ اﻓـﺮاد در اﻧﺘﻬـﺎی ﺷـﯿﻔﺖ  ﺷﻮد اﭘﺮاﺗﻮرهﺎی ﺳﺎﯾﺖاﺧﺘﻼل در ﻋﻤﻠﮑﺮدهﺎی ﺷﻨﺎﺧﺘﯽ 
ﻧﺘﯿﺠﻪ ﮔﺮﻓﺘﻪ ﻣـﯽ ﺷـﻮد ﯾﺎﺑﺪ و ﻣﻄﺎﺑﻖ ﺑﺎ ﯾﺎﻓﺘﻪ هﺎی ﻣﺪل ﺳﺎزی ﺑﺎ ﺷﺒﮑﻪ ﻋﺼﺒﯽ و ﺑﯿﺰﯾﻦ ﺳﺎده ﭼﺸﻤﮕﯿﺮی ﻣﯽ ﮐﺎهﺶ 
را  ﺛﯿﺮ ﺑـﺎﻻی  ﺻـﺪا و ﮔﺮﻣـﺎ ﺄاﻟﮕـﻮرﯾﺘﻢ هـﺎی داده ﮐـﺎوی، وزن و ﺗـﻣﺪل ﺳﺎزی ﺗﻐﯿﯿﺮات  ﻋﻤﻠﮑـﺮد ﺷـﻨﺎﺧﺘﯽ  ﺗﻮﺳـﻂ  ﮐﻪ
دﺳﺖ آﻣﺪه در اﯾﻦ ﻣﺪل ﺳـﺎزی هـﺎ، اﯾـﻦ ﺑﯿﻨﯽ ﮐﺮدﻧﺪ و ﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﺻﺤﺖ ﺑﺎﻻی ﺑﻪ  درﺗﻐﯿﯿﺮات  ﻋﻤﻠﮑﺮد ﺷﻨﺎﺧﺘﯽ ﭘﯿﺶ
ﭘـﺲ ، ﺗﻐﯿﯿـﺮات ﻋﻤﻠﮑـﺮد ﺷـﻨﺎﺧﺘﯽ ﻣـﯽ ﺑﺎﺷـﻨﺪ ﺳﺎزی ﺑﯿﻨﯽ و ﻣﺪل اﻟﮕﻮرﯾﺘﻢ هﺎ اﺑﺰاری ﻣﻨﺎﺳﺐ و ﻗﺪرﺗﻤﻨﺪ ﺟﻬﺖ ﭘﯿﺶ
ﺗﻮﺻﯿﻪ ﻣﯽ ﺷﻮد ﺑﺎ ﺗﻮﺳﻞ ﺑﻪ اﻗﺪاﻣﺎت ﻣﻬﻨﺪﺳﯽ ﻧﻈﯿﺮ ﮐﺎهﺶ ﺻﺪا و ﮔﺮﻣﺎ در ﻣﻨﺒـﻊ ﺗﻮﻟﯿـﺪ و ﯾـﺎ ﺟﻠـﻮﮔﯿﺮی از اﻧﺘﻘـﺎل آن 
ﺎده از وﺳـﺎﯾﻞ ﺣﻔﺎﻇـﺖ ﻓـﺮدی و هﻤﭽﻨـﯿﻦ آﻣـﻮزش ﮐﺎرﮐﻨـﺎن از ﺧﻄـﺮات ﻧﺎﺷـﯽ از )ﺣﺴﺐ ﻣﻮرد و ارﺗﺒـﺎط( و ﯾـﺎ اﺳـﺘﻔ
   ﻧﻤﻮد. ﻣﻮاﺟﻬﻪ ﺑﺎ ﺻﺪا و ﮔﺮﻣﺎ ﺟﻠﻮﮔﯿﺮی 
:ﺎه هژاو ﺪﯿﻠﮐ لﺪﻣ ﮑﻠﻤﻋ ،ﯽﻨﯿﺑ ﺶﯿﭘ ،یزﺎﺳﺎﻣﺮﮔ ،اﺪﺻ ،ﯽﺘﺧﺎﻨﺷ دﺮ، یوﺎﮐ هدادهدﺎﺳ ﻦﯾﺰﯿﺑ و ﯽﺒﺼﻋ ﻪﮑﺒﺷ ،. 
  
Abstract   
Background and Objectives: In some jobs, in order to proper and timely response, the person 
needs to process information completely and without impairment so cognitive impairment can have 
serious consequences for humans, especially in situations where immediate and urgent responses 
are needed, Therefore, This study aimed to Modeling and predicting changes in cognitive 
performance of workers exposed to harmful physical agents (noise & heat) using data mining 
algorithms, (Neural Network, Naïve Bayes): field study in a petrochemical industry . 
Methods: This descriptive-analytical cross-sectional study was done in Kavian 
Petrochemical Industry located in South Pars Special Economic Zone in 2018 and 2019. This study 
was done in 11 general steps, respectively:1- Demographic information of the study subjects.2- 
Selection of variables (predictors) for modeling cognitive performance.3- Equivalent sound level 
measurement.4- WBGT index measurement.5- Determination of task load index.6- Perform CPT 
Cognitive Performance Test.7- Perform n-back cognitive performance test.8- Pre-processing 
data.9- Modeling Cognitive Performance Changes Based on Both Methods (Neural Network and 
Naïve  Bayes).10- Determine the accuracy rate of each model.11- Interpreting data.  
In this study the cognitive performance of workers at the beginning, middle and end of the shift was 
assessed and for all three different times, cognitive performance change were measured by CPT 
and n-back software and modeled by neural network and naïve bayes  data mining algoritms. 
Results: The results of this study showed that the omission error and the response time of the 
three groups of workers at the end of the shift were statistically significant (P<0.05) and the mean 
correct response of the three groups of workers during the shift was significantly reduced 
(P<0.05). The effect of equivalent sound level on workers' cognitive performance was found to 
affect the response time and reaction time of the subjects at the beginning, middle and end of the 
shift(P<0.05). In addition, the effect of heat on cognitive performance was found to have a 
significant effect on the commission error, response time, and mean correct response of the subjects 
at the beginning, middle and end of the shift(P<0.05). Based on the Neural Network algorithm 
modeling results, the mean equivalent sound level (≤25%), WBGTTWA index (≤26%), age (32%), 
and body mass index (25%) had the  most effect on cognitive performance, in accordance with 
Continuous Performance Test (CPT) respectively. But in working memory performance test (n-
back), WBGTTWA index (≤ 32%), body mass index (≤26%) and work experience (24%) had the 
most effect on cognitive performance. The average accuracy of the models was calculated using 
Neural Network algorithm 92.52% and according to Naïve  Bayes algorithm modeling, in 
Continuous Performance Test (CPT), metabolism (30%), WBGTTWA index (29%), work 
experience (≤28%), age (≤27%), body mass index (26%) had the most effect on cognitive 
performance, respectively, in working memory (n-back), body mass index (46%), WBGTTWA 
index (≤38%) and equivalent sound level (≤31%), had the most effect on cognitive performance, 
respectively. The average accuracy of the models was 90.88 % using Naïve Bayes algorithm. 
Conclusion: The findings of this study show equivalent sound level  and heat can impair site 
operator’s cognitive performance .Based on the results of Neural Network and  Naïve Bayes 
modeling, it is concluded that modeling of cognitive performance changes by data mining 
algorithms predicted weight and high impact of noise and heat on cognitive performance changes 
and given the high accuracy of these modeling algorithms, these algorithms are a powerful tool for 
predicting and modeling cognitive performance changes, Therefore, both noise and heat factors 
must be taken into account in the workplace control measures, so it is advisable to resort to 
engineering measures such as reducing noise and heat at the source of production or preventing its 
transmission (as the case may be) or using personal protection equipment  as well as staff training 
to prevent the dangers of exposure to noise and heat .  
Keywords: Modeling, Predicting, Cognitive Performance, Noise, Heat, Data Mining, Neural 
Network & Naïve Bayes. 
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